Objective: Comparison of outcome and costs after laparoscopic and open colectomy. Summary Background Data: Previous studies comparing laparoscopic and open colectomy report conflicting results with regard to clinical outcome and costs. Methods: Laparoscopic colectomy patients from a prospective database were matched for age, gender, and disease-related grouping to patients who underwent the same operation by the open approach over the same period (2000 to 2001). Data for the latter group was gathered by retrospective analysis and the 2 groups were compared for outcome and direct costs. Results: Laparoscopic colectomy patients (n ϭ 150) were compared with the same number of open colectomy patients. American Society of Anesthesiologists classification (P ϭ 0.09), body mass index (P ϭ 0.17), diagnosis (P ϭ 0.12), complications (P ϭ 0.14), and rate of readmission within 30 days (P ϭ 0.44) were similar for both groups. Operating room costs were significantly higher after laparoscopic colectomy (P Ͻ 0.0001), but length of hospital stay was significantly lower (P Ͻ 0.0001). This resulted in significantly lower total costs (P ϭ 0.0007) owing to lower pharmacy (P Ͻ 0.0001), laboratory (P Ͻ0.0001), and ward nursing costs (P ϭ 0.0004). Conclusions: Laparoscopic colectomy results in significantly lower direct costs compared with open colectomy for carefully matched patients.
T he laparoscopic approach to colectomy is slowly gaining acceptance for the management of colorectal pathology. It has proved itself useful for many benign conditions, including diverticulitis, Crohn's disease, and rectal prolapse. The cost-effectiveness and long-term outcomes with laparoscopic colectomy (LAC) for malignancy are less well ac-cepted. Smaller incision size leads to improved cosmesis and reduced postoperative pain. The laparoscopic approach is also associated with less postoperative ileus and earlier tolerance of diet. These factors contribute to earlier recovery of the patient with a reduced hospital stay and earlier return to normal activity.
Initial concerns with laparoscopic colorectal surgery related to technical difficulty, steeper learning curves, a need for specialized instrumentation, and longer operating times. Secondary concerns have developed, including increased hospital costs, questions about real improvements in outcome, and concerns regarding safety in neoplastic disease. These factors have led to the slower dissemination of the technique compared with other advanced laparoscopic procedures, like Nissen fundoplication or splenectomy. Recent reports of "fast-track" care for colectomy patients has further blurred the distinctions between outcome of laparoscopic and open colectomy because of the perception that length of stay can be dramatically reduced with open surgery. [1] [2] [3] Therefore, it is prudent to compare the clinical outcome and relative cost structures of open and laparoscopic colon resection in a large group of patients managed with similar perioperative care plans. This may ascertain whether laparoscopic operating room costs are balanced by postoperative care savings.
Studies comparing costs from colectomy by the laparoscopic and open approaches report conflicting results. Although some 4,5 report costs for LAC to be greater than for open surgery, others found results to be equivocal, [6] [7] [8] [9] Some have reported that LAC leads to reduced costs compared with open colectomy, [10] [11] [12] [13] [14] [15] [16] Most of these studies compared costs for laparoscopic and open colectomy for a single procedure or diagnosis. Other reports of costs comparison after different operations for benign and malignant disease only compared small numbers of patients undergoing LAC. 7, 8, 13, 17 This study compares the direct costs and clinical outcome for patients undergoing operations by the laparoscopic approach for benign and malignant colorectal disorders over a 2-year period (2000 to 2001) with the costs of open procedures over the same period.
MATERIALS AND METHODS
All patients undergoing surgery by the laparoscopic approach for colorectal disorders at this institution are currently entered prospectively into an institutional review board approved database. Details include age, gender, body mass index (BMI), diagnosis, American Society of Anesthesiologists classification, operation procedure, operating time, estimated blood loss, complication, and length of stay in hospital. The hospital coding system differentiates patients undergoing bowel resection into those with and without comorbidity by disease-related grouping (DRG).
Patients who underwent laparoscopic procedures between January 2000 and December 2001 were identified from the laparoscopic database and were compared with patients with the same hospital code (DRG) undergoing the same surgical procedure by the open approach during that period. The 2 groups were also matched for age (within 10 years) and gender. In addition to the variables that were entered into the database for the laparoscopic group, details of previous abdominal operations were recorded for the open group by retrospective chart review. Patients who underwent previous open abdominal surgery (other than cholecystectomy, hyster- Table 3 . There was no significant difference in BMI, diagnosis (benign and malignant), and complications, including readmission rate. LAC had significantly shorter operating time and LOS compared with OC. One patient in LAC died on the first postoperative day as a result of cardiac arrest. Direct costs for the 2 groups of patients and the distribution of costs are presented in Table 4 . LAC had significantly lower total direct costs than OC (P ϭ 0.003). Because this probably relates to the significantly shorter stay in hospital for this group of patients, not only were costs related to bed and nursing utilization reduced as might be expected but pharmacy, laboratory, radiology, and ward nursing costs were also significantly lower for this group of patients. Costs related to input by other departments, such as physiotherapy, respiratory therapy, and so on, were also significantly lower for LAC compared with OC. In contrast, costs in the OR, including supply costs (for equipment and consumables) and labor costs were significantly lower for the open group leading to significantly lower costs in the OR. Anesthesia and intensive care unit nursing costs for both groups were similar.
DISCUSSION
The care of patients undergoing colorectal surgery is associated with a variety of direct costs, which include hospitalization and nursing costs, costs towards operating equipment and consumables, anesthesia, laboratory, radiology, and pharmacy. Taheri et al 18 described the fact that decreasing 1 or 2 days at the end of the length of stay has minimal impact on the overall cost of care compared with reducing resources in the OR or earlier in the course of care. Therefore, if LAC requires greater OR costs because of longer operating time or more expensive equipment for laparoscopic procedures, these costs must be balanced by reduced analgesia requirements, earlier return of bowel function, and reduced length of stay when compared with open procedures. This will be particularly challenging as more aggressive postoperative care plans further reduce the length of stay for open colectomy.
Most studies have reported a shorter duration of stay after LAC. [19] [20] [21] [22] [23] Others, [24] [25] [26] however, report a similar length of stay for patients undergoing surgery by the 2 approaches, although this may be related to differing length of stay in different cultural environments and less experience with the technique in some reports. There is also variability in the reporting of duration of ileus after laparoscopic and open colorectal procedures. Although most authors found a shorter duration of postoperative ileus and earlier intake of food in LAC patient 6, 10, [20] [21] [22] [23] [24] 27, 28 others report similar recovery of bowel function after both procedures. 5, 25 Complication rates for LAC are generally similar 6, 12, 13, 19, 21, 27 or less than 12 for open colorectal procedures depending on the study, with rare exceptions to this. 25 Although most studies 6, 10, 12, 27 between the 2 groups as the shorter duration of stay in hospital for laparoscopic patients in their study compensated for the increased operating room costs. Studies since that time have either confirmed or refuted this initial finding ( Table 5 ).
Most studies compare costs for a single procedure performed by the laparoscopic or open approach for either benign or malignant disease conditions. Studies 7, 8, 13, 17 that compare costs for a mixed group of patients with both benign and malignant disease undergoing different surgical procedures also report conflicting results. A review 29 found that patients undergoing LAC had fewer complications, decreased mortality, less postoperative pain and shorter length of stay compared with open surgery with similar total costs while another 30 reported greater costs. In this study we report a reduction in total direct costs of $450 per case. Analysis of the source of hospital costs demonstrates that these cost reductions are derived from a reduction in the cost of nursing care, pharmacy and laboratory costs, which more than compensate for the increased operating room expenses incurred by laparoscopy. This cost reduction is measured in direct costs to the institution and may reflect a reduction of several times more in billed costs. Additional financial benefits to the institution will vary depending on whether the hospital is operating at its maximum capacity or not. In those operating at maximum capacity, additional bed-days will become available allowing new patients to be admitted and treated without any increase in fixed costs. In systems operating at lower capacity, nursing requirements will be reduced allowing for closure of bed spaces and reductions in staffing requirements.
Previous abdominal surgery with the possibility of adhesions could significantly increase operating time and costs for patients undergoing open surgery but most studies have not taken this fact into consideration during comparison with the open technique. We have avoided this confounding factor by excluding such patients from the open group. Comparison between laparoscopic and open surgery may not be appropriate in centers where the procedure is performed by a multitude of surgeons with varying degrees of expertise in laparoscopy. The greater variation in laparoscopic skills as when compared with open surgery would tend to skew the results towards greater operating room and overall costs for the laparoscopic group. Two experienced laparoscopic surgeons (AJS and CPD) performed all laparoscopic procedures included in the database at this institution over this time period. This fact avoids the negative effect of reduced skills in laparoscopic surgery that could result if more surgeons with varying degrees of experience performed the procedure. The steep learning curve for the laparoscopic technique leads to longer operating times and chance for complications, both factors that influence overall costs. This study hence compares the 2 techniques performed by surgeons with equivalent technical expertise for the 2 procedures.
This study evaluates patients undergoing a broad variety of operations for differing pathology. Patients undergoing LAC had significantly lower length of stay and hospital costs than those having open surgical procedures using groups of carefully matched patients. LAC was associated with greater OR costs as a result of consumables and equipment. Although the postoperative complication rate is comparable, the overall utilization of laboratory, radiologic, pharmacy, and nursing services are significantly lower. This reflects the reduction in length of stay but is also contributed by a reduced need for postoperative nursing care, medication and investigations. 
